Abstract-Sufficient conditions for oscillatority in the sense of Yakubovich of a class of time delay nonlinear systems are proposed. Under proposed conditions upper and lower bounds for oscillation amplitude are given. Examples illustrating analytical results by computer simulation are presented for a model of testosterone dynamics and circadian oscillations.
I. INTRODUCTION
M OST works on analysis or synthesis of nonlinear systems are devoted to studying stability-like behavior. Their typical results show that the motions of a system are close to a certain limit motion (limit mode) that either may exist in the system or may be created by a controller. Evaluating deflection of the system trajectory from a limit mode, one may obtain quantitative information about system behavior [9] , [14] .
During recent years an interest in studying more complex behavior of the systems related to oscillatory and chaotic modes has grown significantly [3] , [5] , [6] , [10] , [12] . An important and useful concept for studying irregular oscillations is that of "oscillatority" introduced by V.A.Yakubovich in 1973 [15] . Frequency domain conditions for oscillatority were obtained for Lurie systems, composed of linear and nonlinear parts [10] , [15] , [16] . However, when studying physical systems in many cases it is more natural to decompose the system description into two nonlinear parts. Extension of analysis and design methods for oscillations in such a class of systems was proposed in [3] . However, the presence of time delays in a system often leads to rise of oscillation [8] , [13] .
In this paper the proposed in [3] conditions of oscillatority are extended to nonlinear systems with time delay. Section Note that term "almost all solutions" is used to emphasize that generically system (1) has nonempty set of equilibrium points, thus, there exists a set of initial conditions with zero Lebesgue measure such, that the corresponding solutions are not oscillation.
The oscillatority property introduced in Definition 1 is defined for zero input and any initial conditions of system (1). The following property is a closely related characterization of the system behavior, extending the proposed above property to the case of non zero input and specific initial conditions [3] , [6] . The sufficient conditions for oscillatority of system (1) are formulated in the following theorem.
T h e o r e m 1 . Let system (1) (1) , which ensures oscillations existence in closed loop system.
IV. APPLICATIONS
A. Delayed model oftestosterone dynamics namics [13] :
where L is luteinising hormone concentration; R is luteinising hormone releasing hormone concentration; T is concentration of testosterone in the blood; b1, b2, b3, g1 and g2 are from R+; f : R+ -X R+ is differentiable, bounded from above and monotone decreasing (during computer simulation we will use f(T) =A(K+T2 )); -c1l and -c2 are non negative time delays. It is assumed, that the presence of R in the blood induces the secretion of L, which induces testosterone to be secreted in the testes. The testosterone in turn causes a negative feedback effect on the secretion of R. As it was proposed in [13] the presence of delay in this stable model leads to oscillations arising, see also [4] for additional results in this field. Let The description of functionality of above model can be found in [1] and [7] . In paper [1] it was mentioned without proof, that for vs = 0.5 and for bigger values system with delays exhibits oscillations. Also it was proven in the paper [1] Fig. 2 .
Note that the estimate -c1 + -C2 > 3.44 is better than the estimate -C1 + -C2 = 100 obtained by simulation in [1] .
B. Circadian oscillations model
Let us consider circadian model from [1] , [7] with time delays: 6248 I I~~~~~~~~~~~~~~~~~~~~~~~~~. The paper presents definitions of oscillatority in the sense of Yakubovich and excitation indices for nonlinear dynamical systems with time delay (which models are described by functional differential equations). The sufficient conditions of oscillatority also are given as extension of result [3] . The good potentiality of proposed approach for detecting of oscillations arising and amplitudes bounds obtaining is demonstrated through examples of analytical design and computer simulation.
